The transcriptional control region of the adenovirus IVa 2 promoter was analyzed by cloning this promoter in front of a gene coding for bacterial chloramphenicol acetyl transferase (CATase) and estimating levels of CATase and IVa 2 promoter specific RNA synthesized after transfection. To produce detectable amounts of CATase with the IVa 2 promoter, an enhancer has to be present in cis. In the absence of enhancer sequences, the adenovirus E1A gene can not stimulate CATase synthesis. When cells were transfected with plasmids containing enhancer sequences and various IVa 2 mutant promoters upstream of the CAT gene, we observed that CATase activity was not reduced significantly even after deletion of all sequences upstream of the RNA initiation site.
INTRODUCTION
Sequences that function to control transcription of genes transcribed by RNA polymerase II have been identified for a number of promoters (1, 2) .
The control element that is present in a majority of the genes is the TATA box sequence located 30 nucleotides upstream of RNA initiation site (1, 2) .
Perturbation of this sequence affects RNA synthesis i_n vivo as well as j_n vitro (2, 3, 4, 5) . A small group of viral genes which include the SV40 late gene, and the adenovirus E2 and IVa 2 genes lack this sequence (6, 7) .
Recently, a number of cellular genes which include URNA genes and HMG CoA reductase gene promoters have been identified and they also lack a TATA box (8, 9, 10, 11) . Interestingly, the HMG CoA reductase gene has been shown to have a similar promoter sequence arrangement as that of the SV40 promoter (8) .
Promoters which lack a TATA box may represent a group of genes that are controlled by alternate pathways.
In the identification of transcriptional control elements j_n vivo, one effective approach is to fuse the promoter to be studied to the coding region of a second gene such as thymidine kinase, dihydrofolate reductase, or chloramphenicol acetyl transferase (CATase) genes (12, 13, 14) whose function can be easily assayed. In this report, we have analyzed the adenovirus IVa 2 promoter control sequences by fusing this promoter to the chloramphenicol acetyltransferase gene coding region (15) . After transfecting cells in culture, the amounts of CATase and IVa 2 specific RNA synthesized were determined. In order to obtain synthesis of CATase which is dependent on IVa 2 promoter sequences, the transfected plasmids must contain an enhancer sequence provided in cis. The adenovirus E1A gene activates other adenovirus genes and when co-transfected into recipient cells, also activates a variety of other eucaryotic genes (16, 17, 18, 19, 20) . In this study, we report how IVa 2 promoter sequences, an enhancer and the adenovirus E1A gene function in regulating the level of IVa 2 transcription and synthesis of CATase. These results are compared with previous J_n vitro studies of the IVa 2 promoter region (21) .
MATERIALS AND METHODS
The restriction enzymes, T4 DNA ligase, alkaline phosphatase, and T4
DNA kinase were obtained either from Boehringer Mannheim or New England
Biolabs. Xhol linkers and HMndlll linkers were from New England Biolabs.
Oligo(dT) cellulose was from P. L. Biochemicals.
CelIs. HeLa cells and CV1 cells were maintained in medium containing 10% fetal calf serum and 293 cells in medium containing 10% horse serum.
Plasmids. pSVOCAT and pSV2CAT were obtained from C. Gorman and B.
Howard (15) . pl_TNIHa2 was obtained from A. W. Nienhuis (22) and pGC212 was from J. R. Nevins (23) .
Construction of pSVECATO and pSVBECATO. (See also Fig. 1 ) The structure of pSVOCAT has been described earlier (15) . The unique Ndel site present in this plasmid was converted to Xhol site by using synthetic linkers ( Estimation of CATase activity. 48 h after transfection, the cellular extracts were prepared and assayed for CATase activity as described earlier nucleotides long will be protected from Sl-nuclease digestion in the presence of RNA synthesized from a-globin promoter (29) . The Sl-nuclease mapping of RNA was carried out as described earlier (21, 30) .
RESULTS
The effect of deletions in the IVa, promoter on levels of CATase that are synthesized. In the initial experiments, the IVa 2 promoter in Table 2 . The plasraid pSVBECATO that contains the SV40 enhancer sequence and that is without any eukaryotic promoter has 14£ CATase activity compared to pSV2CAT. The pSVBECAT242 has consistently been found to produce less CATase than pSVBECATO. As was seen with pSVECAT plasmids, the maximum CATase activity was obtained with a plasraid which has 64 nucleotides upstream of IVa 2 RNA initiation site, i.e., pSVBECAT64. The CATase activity was not reduced substantially when the plasmid has only 38 nucleotides upstream of the RNA initiation site. Even the deletion of the HI vivo RNA start site does not reduce the CATase activity significantly as shown by pSVBECAT+8. The amount of CATase produced decreased to that of pSVBECATO only after the deletion of almost the entire adeno ONA, leaving only promoter, like many eukaryotic promoters, requires an enhancer that has to be present in cis in order to detect any promoter activity in a transfection study. The presence of the SV40 enhancer is known to activate cryptic promoters (32, 33) . This, together with other factors (see Discussion) seems to mask any effects of deletions in the IVa 2 promoter on the levels of CATase produced. Plasmids lacking the SV40 enhancer were transfected into CV1 cells with or without co-transfection with the adenovirus E1A gene. Based on the CATase assay, (Table III) the adenovirus IVa 2 promoter is not transactivated by the adenovirus E1A gene product. Similar results were obtained when these plasraids were used to transfect 293 cells in which the E1A gene is constitutively expressed (Table III) .
The effect of IVa, promoter deletions on RNA synthesis. The measurement of RNA synthesized from the IVa 2 promoter initiation site provides a more accurate definition of the control sequences necessary for transcription. The pSVBECATX plasmids, having various deletions upstream of the RNA initiation site were transfected into HeLa cells and 48 h later, RNA containing poly(A) was isolated and the IVa 2 specific RNA was estimated using the Sl-nuclease mapping method. The results of such an experiment are shown in Fig. 3 . If RNA initiates from the j_n vivo initiation site, a DNA of 306 nucleotides in length is expected to be protected from Sl-nuclease digestion. The plasmid having 242 nucleotides upstream of RNA initiation site has a band corresponding to this length (Fig. 3) , showing that RNA is synthesized efficiently from the IVa 2 promoter in a transient assay. This is surprising since as we noted previously, after transfection with this plasmid, there is no detectable increase in CATase. The efficiency of this RNA synthesis remained relatively constant in the deletion mutants.up to np (nucleotide position) -64. When the sequences between np -64 and -38 are deleted, there is a 90% drop in the amount of RNA synthesized (Fig. 3) , demonstrating that these sequences are necessary for transcription from the IVa 2 promoter start site. Since similar results were obtained using total cellular RNA (Fig. 3b) , in subsequent experiments total cellular RNA was used for Sl-mapping. In the experiment seen in Fig. 3b, a plasmid containing or-globin gene (pl_TNIHa2) was also co-transfected along with pSVBECATX plasmids and the RNA synthesized from this promoter was also estimated. Approximately equal amount of or-globin RNA was synthesized in co-transfections involving either pSVBECAT64 or pSVBECAT38, but the amount of RNA synthesized from the IVa 2 promoter of pSVBECAT38 is reduced by 90% compared to the pSVBECAT64. This result confirms our conclusion that sequences present between -64 and -38 constitute the transcriptional control element of the IVa 2 promoter.
The measurements of IVa 2 RNA (Fig. 3) Fig. 4 demonstrate that in the absence of the E1A gene, the amount of RNA synthesized from the pSV0CAT242 was almost undetectable. The adenovirus E1A gene stimulates transcription from this plasmid by more than 10-15 fold (Fig. 4, lanes 1 and 2). When the SV40 enhancer is present in cis, the E1A gene product further stimulates RNA synthesis from pSVECAT242 (Fig. 4, lanes 3 and 4) . For the IVa 2 and MLPs, the effects of E1A gene product in trans and enhancer in cis are additive. In studies by others, when the E1A gene product is provided in trans and an enhancer is present in cis, either an additive or inhibitory effect, or no effect has been observed, depending on the promoter (13, 16, 43, 44) . The mechanisms of activation by enhancer in cis and E1A gene in trans are not known, but they are thought to be different (13, 16, 43) . It has been proposed that stimulation of transcription by the E1A gene product is through its inactivation of transcription repressors, even though its direct interaction with promoter sequence has not been ruled out (45, 46) . While the E1A gene positively regulates other adenoviral genes during lytic infection (17, 18), our
